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Description 

FIELD OF THE INVENTION 

s [0001 J The present Invention relates to a resin composition which has excellent flanne retardancy and generates 
almost no toxic gas on combustion. More particularly, It relates to a fiame-retardant resin composition containing a 
specific phosphoric add salt and an anti-dripping agent, which exhibits excellent flame retardancy with a snr^ll amount 
of a flame retardant without using a halogen-based flame retardant Involving toxic gas emission on combustion. 

10 BACKGROUND OF THE INVENTION 



[0002] Synthetic resins have been widely used as constructive materials, automobile parts, packaging materials, 
agricultural materials, housing materials for appliances, toys, and the like because of their excellent chemical and 
mechanical characteristics. However, most synthetic resins are combustible and need flame retardation treatment for 

IS some applications. It Is well known that flame retardation Is achieved by addition of one or more of halogen flame 
retardants. inorganic phosphorus flame retardants typified by red phosphorus and polyp hosphoric acid compounds 
c*jch CLZ drruTicrfiiarri pcIyphcGphctc, orgurnC pMCGphonio ficuTiS rctardnnts SuCm as tiiorylpiioapMoriC Satcrcornpouricis, 
metal hydroxides, a flame retardation assistant, e.g., antimony oxide and melamine compounds. 
[0003] Since halogen flame retardants Involve evolution of toxic gases on combustion, It has been attempted to 

20 replace them with phosphorus flame retardants that generate almost no toxic gas. 

[0004] For example, JP-A-8-1 76343 discloses a flame-retardant synthetic resin composition containing ammonium 
polyphosphate, a polyhydroxy compound, a triazine ring-containing compound, and a metal hydroxide. U.S. Patents 
3,936,416 and 4,010,137 disclose a flame-retardant synthetic resin composition containing melamine polyphosphate 
and penta- to tripentaerythritol. JP-A-1i -152402 proposes a flame-retardant synthetic resin composition containing 

25 polybutylene terephthalate (PBT), melamine pyrophosphate, and an aromatic phosphate oligomer. U.S. Patents 
4,278,591 and 5,618,865 mention that melamine pyrophosphate and other phosphorus compounds are effective for 
rendering polymers such as PBT flame-retardant. U.S. Patent 4,599,375 discloses a flame-retardant synthetic resin 
composition comprising (a) a synthetic resin, (b) piperazine pyrophosphate, (c) melamine pyrophosphate, and (d) 
titanium oxide or silicon dioxide. However, the flame retarding effects achieved by these conventional flame retardant 

30 systems are still insufficient, and it has been desired to develop a flame retardant which, at a reduced amount, imparts 
high flame retardancy to synthetk: resins. 

SUMMARY OF THE INVENTION 



40 



[0005] An object of the present invention Is to provide a flame-retardant resin composition with exhibits excellent 
flame retardancy with the aid of a small amount of a flame retardant and suppresses evolution of toxic gas on com- 
bustion. 

[0006] In the light of the above-described circumstances, the present Inventors have conducted extensive investi- 
gation and found as a result that addition of a phosphoric acid salt with a specific structure provides a resin composition 
having excellent flame retardancy. The present invention has been reached based on this finding. 
[0007] The present Invention provides a flame-retardant resin composition comprising (A) a synthetic resin, (B) (b1 ) 
a compound represented by formula (1) or (b2) a combination of a compound represented by formula (111) and a com- 
pound represented by fonnula (IV), and (C) an anti-dripping agent. 
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Wherein n represents an integer of from 1 to 100; represents RiR2N(CH2)n,NR3R4, piperazine or a piperazine ring- 
containing diamine; R^, R2, R3, and R4, which may be the same or different, each represent a hydrogen atom or a 
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straight-chain or branched alkyi group having 1 to 5 carbon atoms; m represents an integer of from 1 to 1 0; represents 
an ammonia or a triazine derivative represented by formula (II); and p and q each represent a number satisfying rela- 
tionships: 0<p<n-i-2, 0<q<n+2, and 0<p+q^+2. 



(0) 



10 




wherein and Z2. which may be the same or different, each represent an -NRgRg group (wherein R5 and R^. which 
may be the same or different, each represent a hydrogen atom or a straight-chain or branched alkyI group having 1 to 
6 carbon atoms or a methylol group), a hydroxyl group, a mercapto group, a straight-chain or branched allcyl group 
20 having 1 to 1 0 carbon atoms, a straight-chain or branched allcoxy group having 1 to 10 carbon atoms, a phenyl group 
or a vinyl group. 



25 
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wherein X^, p and n are as defined above. 
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(IV) 



HO-f^— O-fH 
OH 



SO 



wherein Y-,, q, and n are as defined above. 

[0008] Compounding a reduced amount of a specific phosphoric acid salt and an anti-dripping agent to a resin pro- 
vides a resin composition which possesses excellent flame retardancy without a halogen-based flame retardant that 
evolves toxic gas on combustion. 



DETAILED DESCRIPTION OF THE INVENTION 



55 [0009] The synthetic resin which can be used as component (A) includes themnoplastic resins and thennosetting 
resins. The themnoplastic resins include polyoiefin resins, such as a-olefin homopolymers, e.g., polypropylene, high- 
density polyethylene, tow-density polyethylene, linear low-density polyethylene, polybutene, and poly-3-methylpen- 
tene, olefin copolymers, e.g., ethylene-vinyt acetate copolymers and ethylene-propylene copolymers, and copolymers 
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of these polyolefin resins; halogen-containing resins such as polyvinyl chloride, potyvinylidene chloride, chlorinated 
polyethylene, chlorinated polypropylene, polyvinylidene fluoride, chlorinated rubber, vinyl chbride-vtnyl acetate copol- 
ymers, vinyl chloride-ethylene copolymers, vinyl chloride-vlnylldene chloride copolymers, vinyl chloride-vlnylldene chlo- 
ride-vinyl acetate terpolymers, vinyl chloride-acrylic ester copolymers, vinyl chloride-maleic ester copolymers, and vinyl 

5 chioride-cyclohexylmaieimide copolymers; petroleum resins, coumarone-indene resins, polystyrene, polyvinyl acetate, 
acrylic resins, copolymers of styrene (and/or a-methylstyrene) and other monomers (e.g., maieic anhydride, phenyl- 
maleimide, methyl methacrylate, butadiene, and acryionrtriie), such as AS resins, ABS resins, MBS resins, and heat- 
resistant ABS resins, potymethyl methacrylate, polyvinyl alcohol, polyvinyl formal, polyvinyl butyrat, linear polyesters 
such as polyethylene terephthalate and potybutylene terephthalate, polyphenylene oxide, polyamide resins such as 

10 polycaprolactam and polyhexamethylene adipamide, polycarbonate, polycarbonate/ABS resins, branched polycar- 
bonate, polyacetal, polyphenylene sulfide, polyurethane, and cellulosic resins; and polybiends thereof. TTie thermo- 
setting resins include phenol resins, urea resins, melamine resins, epoxy resins, and unsaturated polyester resins. 
Elastomers such as isoprene rubber, butadiene rubber, acryionitrile-butadiene copolymer oibber, and styrene-butadi- 
ene copolymer rubber are also applicable. Of these resins, polyolefin resins which are difficutt to make f lame-retardant. 

IS particulariy polypropylene resins and polyethylene resins, are suitable as a resin to w^ich the specific phosphoric acid 
salt and the anti-dripping agent of the present invention are added to provide flame-refardant resin compositions. 
[GG1Cj The ilaiViB reiarduiluh leCi'iiiitjue aouorciiiig iO ii'iv preS^iu irivenlion is efiecUve on any of the synthetic resins 
recited above, with the effects manifested somewhat varying depending on the density, softening point, solvent-insol- 
uble content, and stereospecificlty of the resin, whether or how much a catalyst residue remains In the resin, the kind 

20 and the polymerization ratio of starting olefins, the kind of a polymerization catalyst used (e.g., a Lewis acid catalyst 
or a metallocene catalyst), and so forth. 

[0011] In the phosphoric acid salt represented by formula (I), the alkyi group represented by R^. R2, R3, and R4 
includes methyl, ethyl, propyl, isopropyl, butyl, sec-butyl, t-butyl, and pentyl. 

[0012] The phosphoric acid salt of formula (I) is a phosphoric acid amine salt obtained from (a) a diamine, (b) ammonia 

25 or a triazine derivative, and (c) orthophosphorte acid or a potyphosphoric acid. The phosphoric acid amine salt (I) can 
be prepared, for example, as follows. A predetermined amount of orothophosphoric acid or a condensed phosphonc 
acid having a degree of condensation of 2 to about 1 00 is put into a reaction vessel with or without an inert solvent. A 
diamine represented by fonnula R2N(CH2)mNR3R4 (wherein R^ , Rg, R3, and R4, which may be the same or different, 
each represent a hydrogen atom or a straight-chain or branched alkyi group having 1 to 5 cartoon atoms; and m is an 

30 integer of 1 to 10), piperazine or a piperazlne ring-containing diamine (hereinafter Inclusively referred to as a diamine) 
Is added thereto either directly or as diluted with water etc. and allowed to react at -10 to 100°C. The reaction is a 
neutralization reaction, whk:h proceeds rapidly. To the intermediate product, either isolated or as produced, annmonia 
or a triazine derivative represented by formula (II) Is added thereto either directly or as diluted with water, etc. The 
reaction mixture is allowed to react under heating to produce a desired phosphoric acid amine salt. The amounts of 

35 the diamine and ammonia or the triazine derivative participating in the reaction are subject to variation according to 
the phosphorus concentration of the orthophosphorlc acid or condensed phosphoric acid used. That is, the diamine Is 
used In an amount of a smaller mole number than a half of the number of the hydroxyl groups present in the ortho- 
phosphoric acid or condensed phosphoric acid, preferably In an approximately equimolar amount to the orthophos- 
phoric acid or condensed phosphork; acid. The ammonia ortriazine derivative is then added to the resulting intermediate 

^ product in an amount equivalent to the hydroxyl groups remaining in the Intermediate product. 

[001 3] Examples of the diamine are N,N,N',N'-tetramethyldiamlnomethane, ethylenedlamlne, N,N'-dimethyIethylen- 
ediamine, N,N'-diethylethylenediamine, N,N-dimethylethylenediamine, N,N-dlethylethylenediamine, N,N,N',N'-tetram- 
ethylethylenediamine, N,N,N',N'-diethylethylenediamine, 1 ,2-propanediamine, 1 ,3-propanediamine, tetramethylenedi- 
amine, pentamethylenedlamine, hexamethylenediamine, 1 ,7-diamlnoheptane, 1 ,8-diaminooctane, 1,9-diamlnonon- 

4S ane, 1,10-diaminodecane, piperazine, r/ans-2,5-dimethylpiperazine, 1,4-bis(2-aminoethyl)piperaztne, and 1,4-bis 
(3-aminopropyl)piperazine. All of these diamine compounds are commercially available, which can be utilized In the 
invention. 

[0014] Examples of the triazine derivative of fonnula (II) are melamine, acetoguanamine, benzoguanamine, acryl- 
guanamlne, 2.4-dlamlno-6-nonyl-1 ,3,5-triazlne, 2,4-diamino-6-hydroxy-1,3,5-triazlne, 2-amln6-4,6-dihydroxyl- 
so 1 ,3,5-triazine, 2,4-diamino-6-methoxy-1,3,5-triazine, 2,4-diamino-6-ethoxy-1,3,5-triazine, 2,4-diamino-6-propoxy- 
1 ,3,5-triazine, 2,4-diamino-6-isopropoxy-1 ,3,5-trlazlne, 2,4-diam!no-6-mercapto-1 ,3,5-triazine, and 2-amino- 
4,6-dimercapto-1 .3.5-triazIne. All of these triazine dertvath^es are commercially available, which can be made use of 
in the invention. 

[001 5] The phosphoric acid salt represented by fonnula (III) preferably includes salts formed between a phosphoric 
ss acid and piperazine. The piperazine salt, for example, piperazine pyrophosphate is easily obtained by allowing piper- 
azine and pyrophosphortc acid in water or an aqueous methanol solution and collecting the salt as a sparingly water 
soluble precipitate. The phosphoric acid piperazine salts Include piperazine orthophosphate, piperazine pyrophos- 
phate, and other piperazine polyphosphates. The polyphosphoric acids used to prepare piperazine polyphosphates 
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are not particularly limited in phosphoric acid composition. That is, the potyphosphoric acid may be a mixture of ortho-. 
phosphoric acid, pyrophosphoric acid, triphosphoric acid, and other potyphosphoric acids. 

[001 6] The phosphoric acid salt represented by formula (IV) preferably includes salts fomied between a phosphoric 
acid and melamine. Phosphoric acid melamine salts, for example, melamtne pyrophosphate can be prepared by al- 
lowing sodium pyrophosphate and melamine to react In an arbitrary ratio in the presence of hydrochloric acid and 
neutralizing the reaction mixture with sodium hydroxide. The melamine phosphate which is preferably used in the 
invention includes melamine orthophosphate, melamine pyrophosphate, and other melamine polyphosphates. 
[0017] It is preferred for the phosphoric acid salt as component (B) to have an average particle size of 40 \im or 
smaller, particutariy 10 pjrn or smaller. Component (B) with an average particle size greater than 40 yun not only tends 
to have poor dispersibility in the resin (A), failing to manifest high flame retardancy but can reduce the mechanical 
strength of molded articles prepared from the resulting resin composition. 

[001 8] Component (B) is preferably used In an amount of 5 to 70 parts, particulariy 1 0 to 50 parts, especially 15 to 
40 parts, by weight per 1 00 parts by weight of the resin as component (A). A proportion less than 5 parts of component 
(B) tends to fail to produce sufficient flame retarding effect. A proportion of component (B) exceeding 70 parts may 
reduce the characteristics of the resin. 

[0019] The phosphoric acid salt of fonnula (III) and the phosphoric acid salt of formula (IV) are preferably combined 
in a weight ratio, (lll)/(IV), of from 40/60 to 80/20, particulariy from 50/50 to 70/30. 

[0020] in order to prevent dripping on combustion, the flame-retardant resin composition of the present invention 
essentially contains a known anti-dripping agent as component (C). Examples of suitable antl-drlpping agents Include 
fluorine resins, such as polytetrafluoroethylene, polyvinyl idene fluoride, and potyhexafluoropropylene; perfluoroai- 
kanesulfonic acid alkali metal or alkaline earth metal salts, such as sodium perfluoromethanesutfonate, potassium 
perfluoro-n-butanesulfonate, potassium perfluoro-t-butanesuffonate, sodium perfluorooctanesulfonate, and calcium 
perfluoro-2-ethylhexanesuifonate: and silicone rubbers. These anti-dripping agents can be used either individuatiy or 
as a combination of two or more thereof. Particulariy preferred of them is polytetrafluoroethylene (PTFE) for its high 
non-dripping effect. 

[0021] The anti-dripping agent is preferably used in ah amount of 0.05 to 5 parts, particulariy 0.1 to 2 parts, by weight 
per 1 00 parts by weight of the resin. An amount less than 0.05 part produces only a small non-dripping effect. A resin 
composition containing greater than 5 parts of the anti-dripping agent tends to undergo appreciable thermal shrinkage 
on molding only to provide molded articles with reduced dimensional precision. 

[0022] If desired, the f lame-retardant resin composition of the present invention can be stabilized by addition of a 
phenol antioxidant, a phosphorus antioxidant, a thio-ether antioxidant, an ultraviolet absorber, a hindered amine light 

stabilizers, and the like. 

[0023] Useful phenol antioxidants include 2,6-dl-t-butyi-p-cresol, 2,6-diphenyl-4-octadecyloxyphenol, distearyl 
(3,5-di-t-butyi-4-hydroxybenzyl) phosphonate, 1,6-hexamethylenebis[(3,5-dl-t-butyl-4-hydroxyphenyi)propionamide], 
4,4'-thiobis(e-t-butyl-m-cresol),2,2*-methylenebis(4-ethyl-6-t-butylphenol), 2,2'-methylenebis(4-ethyl-6-t-butylphenol), 
4,4'-butylldenebls(6-t-butyi-m-cresol), 2,2'-ethylldenebis(4,6-dl-t-butylphenol), . 2,2'-ethylidenebis(4-sec-butyl-6-t- 
butylphenol), 1,1 ,3-tris(2-methyl-4-hydroxy-5-t-butylphenyl)butane, 1 ,3,5-tris(2,6-dlmethyl-3-hydroxy-4-t-butyibenzyl) 
isocyanurate, 1 ,3,5-tris(3,5-di-t-butyl-4-hydroxybenzyl) Isocyanurate, 1 ,3,5-tris(3,5-di-t-butyl-4-hydroxybenzyl)- 
2,4,6-trimethylbenzene, 2-t-butyi-4-methyl-6-(2-acryloyloxy-3-t-butyl-5-methyIbenzyl)phenol, stearyl 3,5-di-t-butyl- 

4- hydroxyphenylpropionate, tetrakis[methyl 3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate]methane, thiodiethyiene gly- 
col bis(3,5-di-t-butyl-4-hydroxyphenylproplonate), 1,6-hexamethylenebis(3,5-di-t-butyl-4-hydroxyphenylproplonate), 
bis[3,3-di(4-hydroxy-3-t-buty!phenyl)butyric acid] glycol ester, bis[2-t-butyl-4-methyl-6-(2-hydroxy-3-t-butyl-5-methyl- 
benzyl)phenyl] terephthalate, 1,3,5-tris[(3,5-di-t-butyl-4-hydroxyphenyi)propionyloxyethyl] isocyanurate, 3,9-bis 
[1 , 1 -dimethyl-2-{(3-t-butyl-4-hydroxy-5-methylphenyl)-propronyloxy}ethyG-2,4,8, 1 0-tetraoxaspiro[5,S]undecane, and 
triethylene glycol bis(3-t-butyl-4-hydroxy-5-methylphenylpropionate). The phenol antioxidant Is usually added in an 
amount of 0.001 to 1 0 parts, preferably 0.05 to 5 parts, by weight per 1 00 parts by weight of the resin. 

[0024] Useful phosphorus antioxidants include trisnonylphenyl phosphite, tris[2-t-butyl-4-(3-t-butyl-4-hydroxy- 

5- methyIphenylthio)-5-methylphenyi] phosphite, tridecyl phosphite, octyldiphenyl phosphite, di(decyl)monophenyl 
phosphite, di(trldecyl)pentaerythritol diphosphite, dl(nonylphenyl)pentaerythritol diphosphlte, bis(2,4-di-t-butylphenyl) 
pentaerythritol diphosphite, bis(2,6-di-t-butyl-4-methylphenyl}pentaerythritol diphosphlte, bis(2,4,&-tri-t-butylphenyi) 
pentaerythritol diphosphite, bl8(2,4-dicumylphenyl)pentaerythritol diphosphlte, tetra(tndecyl)-isopropylidenediphenol 
diphosphlte, tetra(tr[decyl)-4,4'-n-butylldenebis(2-t-butyl-5-methylphenol) diphosphlte, hexa(trldecyl)-1 ,1 ,3-trls(2-me- 
thyl-4-hydroxy-5-t-butylphenyl)butane triphosphlte, tetrakis(2,4-di-t-butylphenyl)biphenylene diphosphonite, 9,10-di- 
hydro-9-oxa-1 0-phosphaphenanthrene-1 0-oxide, 2,2'-methylenebis(4,6-t-butylphenyl)-2-ethylhexyl phosphite, 2,2'- 
methylenebis(4,6-t-butylphenyl)-octadecyl phosphite, 2,2-ethylidenebis(4,6-di-t-buty!phenyl) fluorophosphlte tris 
(2-[(2,4,8,10-tetrakis-t-butyldlbenzo[d,f][1,3,2]-dioxaphosphepln-6-yl)oxy]ethyl)amine, and a phosphite of 2-ethyl- 
2-butylpropylene glycol and 2,4,6-tri-t-butylphenol. The phosphorus antioxidant Is usually used In ari amount of 0.001 
to 10 parts by weight, preferably 0.05 to 5 parts by weight, per 100 parts by weight of the resin. 
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[0025] Examples of useful thio-ether antioxidants include diaikyl thiodipropionates, such as ditauryl thiodipropionate, 
dimyristyl thiodlproplonate, and distearyt thiodipropionate; and pentaerythritol tetra(P-alkylmercapto)propionic acid es- 
ters. The thio-ether antioxidant is usually added in an amount of 0.001 to 1 0 parts by weight, preferably 0.05 to 5 parts 
by weight, per 100 parts by weight of the resin. 

[0026] Useful ultraviolet absorbers include 2-hydroxyben2ophenones, such as 2,4-dlhydroxybenzophenone, 2-hy- 
droxy-4-methoxybenzophenone, 2-hydroxy-4-octoxybenzophenone, and 5,5'-methylenebls(2-hydroxy-4-methoxy- 
benzophenone); 2-(2'-hydroxyphenyI)benzotria2oles, such as 2-(2'-hydroxy-5'-methyIphenyl)benzotriazole, 2-(2'-hy- 
droxy-3',5'-di-t-butyiphenyl)-5-chlorobenzotriazole, 2-(2'-hydroxy-3'-t-butyl-5'-methylphenyl)-5-chlorobenzotriazole, 
2-(2'-hydroxy-5'-t-octylphenyl)benzotnazole, 2-(2'-hydroxy-3\5'-dlcumylphenyl}benzotriazole, 2,2'-methylenebis(4-t- 
octyl-6-(benzotriazolyi)phenoi), and 2-(2'-hydroxy'3'-t-butyi-5'-carboxyphenyl)benzotriazole; benzoates, such as phe- 
nyl salicytate, resorcinol monobenzoate, 2,4-di-t-butytphenyl 3.5-dl-t-butyl-4-hydroxybenzoate, 2,4-dl-t-amylphenyi 
3,5-di-t-butyl-4-hydroxybenzoate, and hexadecyl 3,5-dl-t-butyl-4-hydroxyben2oate; substituted oxanilides, such as 
2-ethyl-2'-ethoxyoxanilide and 2-ethoxy-4'Hdodecyloxanilide; cyanoacrylates, such as ethyl a-cyano-p,p-diphenylacr- 
ylate and methyl 2-cyano-3-methyl-3-(p-methoxyphenyl)acrylate; and triaryltriazlnes, such as 2-(2-hydroxy-4-octoxy- 
phenyl)-4,6-bis(2.4-dl-t-butylphenyl)-s-triazlne, 2-(2-hydroxy-4-methoxyphenyl)-4,6-diphenyl-s-tria2ine, and 2-(2-hy- 
droxy-4-propoxy-5-methylphenyi)-4,6-bis(2,4-dl-t-butylphenyl)-s-triazlne. The ultraviolet absorber is usually added In 
an amount of 0.001 to 30 parts, preferably 0.05 to 10 parts, by weight per 100 parts by weight of the resin. 
[0027] Examples of suitable hindered amine light stabilizers Include 2,2,6,6-tetramethyl-4-piperidyt stearate, 
1 ,2,2,6,6-pentamethyl-4-piperidyl stearate. 2,2,6,6-tetramethyl-4-plperldyl benzoate, bls(2,2,6,6-tetramethyl-4-piperi- 
dy!) sebacate, bls(1 ,2,2,6,6-tetramethyl-4-piperidyl) sebacate, bls{1-octoxy-2,2,6,6-tetramethyl-4-piperidyl) sebacate, 
tetrakls(2,2,6,6-tetramethyl-4-ptperidyl) 1 ,2,3,4-butanetetracarboxylate, tetrakts(1 ,2,2,6,6-pentamethyl-4-piperldyt) 
1 ,2,3,4-butanetetracarboxylate, bls(2,2,6,6-tetramethyl-4-piperidyl)di(trldecyl) 1 ,2,3,4-butanetetracarboxylate, bis 
(1 ,2,2,6,6-pentamethyl-4-piperidyI)dl(tridecyl)-1 ,2,3,4-butanetetracarboxylate, bis(1 ,2,2,4,4-pentamethyl-4-plperidyl)- 
2-butyl-2-(3,5-di-t-butyl-4-hydroxybenzyI)malonate, 1-(2-hydroxyethyl)-2,2,6.6-tetramethyl-4-piperidlnol/dlethyl succi- 
nate polycondensates, 1,6-bls(2,2,6,6-tetramethyl-4-piperidylamino)hexane/2,4-dichloro-6-morphollno-s-tria2lne 
polycondensates, 1 ,G-bis(2|2,6,6-tetramethyl-4-plperidytamlno)hexane/2,4-dtchloro-6-t-octylamino-s-tria zine poly- 
condensate,1,5,8,12-tetrakis[2,4-bls(N-butyl-N-(2,2,6,6-tetramethyl-4-piperldyl)amino)-s-triazin-6-yl]-1 ,5,8,12-tetraa- 
zadodecane, 1 ,5,8,12-tetrakis[2,4-bis(N-butyl-N-(1 ,2,2,6,6-pentamethyl-4-piperidyI)amjno)-s-trlazin -6-yl]- 
1 ,5,8,1 2-tetraazadodecane, 1 ,6.1 1 -tris[2,4-bis(N-butyl-N-(2,2,6,6-tetramethyl-4-piperidyl)amino)-s-triazin-6-yl]ami- 
noundecane, and 1,6,11-trls[2,4-bls(N-butyl-N-(1,2,2,6,6-pentamethyl-4-plperidyl)amlno)-s-trla2ln-6-yllaminounde- 
cane. The hindered amine light stabilizer is usually added in an amount of 0.001 to 30 parts, preferably 0.05 to 10 
parts, by weight per 100 parts by weight of the resin. 

[0028] If desired, the flame-retardant resin composition of the present invention can contain silicon dioxide or a metal 
oxide. The metal oxide includes titanium oxide, zinc oxide, calcium oxide, magnesium oxide, calcium oxide, zirconium 
oxide, barium oxide, tin oxide, lead oxide, antimony oxide, molybdenum oxide, and cadmium oxide. Silicon oxide to 
be added may have been subjected to various surface treatments. Silicon dioxide (silica) includes dry silica and wet 
silica. Commercially available silica products Include Aerosil from Nippon Aerosit Co., Ltd.; Reosil and Tokusll from 
Tokuyama Corp.; Carplex from ShionogI & Co., Ltd.; Sylicia from Fuji Sllysia Chemical, Ltd.; and MIzukasil from l^lzu- 
sawa Industrial Chemicals, Ltd. Preferred of these species are hydrophobic ones having a methyl group bonded to the 
surface, such as Aerosil R972, Aerosil R972V, Aerosil R972CF, and Aerosil R974 from Nippon Aerosil. 
[0029] The silk^on dioxide or metal oxide Is usually added in an amount of 0.01 to 5 parts, preferably 0.05 to 3 parts, 
by weight per 1 00 parts by weight of the resin. 

[0030] If desired, the flam e-retardant resin composition of the present invention can further contain various additives. 
Useful additives include nucleating agents, such as aluminum p-t-butylbenzoate, aromatic phosphoric ester metal salts, 
and dibenzylidene sorbitols; antistatics, metal soaps, hydrotalcite, triazine ring-containing compounds, metal hydrox- 
ides, phosphate flame retardants, other inorganic phosphorus flame retardants, halogen flame retardants, silicone 
flame retardants, fillers, pigments, lubricants, and blowing agents. 

[0031] The triazine ring-containing compounds include melamine, ammeline, benzoguanamine, acetoguanamine, 
phthalodiguanamlne,melamlnecyanurate,melamine pyrophosphate, butylenediguanamine, norbornenediguanamine, 
methylenediguanamlne, ethylenedimelamlne, trimethytenedlmelamlne, tetramethylenedlmelamlne, hexamethylened- 
imelamine, and 1 ,3-hexylenedimelamine. 

[0032] The metal hydroxides include magnesium hydroxide, aluminum hydroxide, cablum hydroxide, barium hydrox- 
ide, and zinc hydroxide. 

[0033] The f lame-retardant resin composition of the present Invention is not limited in use. For example, the flame- 
retardant polypropylene resin composition of the Invention has a variety of applications as machine mechanical parts, 
electric or electronic parts, and automobile parts. Examples of applications include electric and electronic parts, such 
as gears, cases, sensors, LEP lamps, connectors, sockets, resistors, relay cases, switches, colt bobbins, condensers, 
variable condensers, light pk^kups, oscillators, temnlnal boards, transformers, plugs, printed wiring boards, tuners, 
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speakers, microphones, headphones, small-sized motors, magnetic head bases, power modules, housings, semicon- 
ductor devices, liquid crystal devices, FDD carriages, FDD chassis, motor brush holders, parabolic antennas, and 
computer-related parts; domestic and office appliances, such as VTRs, TV sets. Irons, hear driers, rice coolcers, mi- 
crowave ovens, audio-vidual media (e.g., laserdiscs andcompact discs), lighting fixtures, refrigerators, airconditioners, 
s typewriters, word processors, office computers, telephones, facsimiles, and copiers; machines-related parts, such as 
washing Jigs, various bearings (e.g., oilless bearings, stem bearings, and submergible bearings), motors, lighters, and 
typewriters; optical equipment and precision machine-related parts, such as microscopes, binoculars, cameras, and 
watches; automobile parts, such as alternator terminals, alternator connectors, IC regulators, potentiometer bases, 
various valves (e.g., exhaust valves), fuel-, exhaust- or suction-related various pipes, air Intake snorkels, intake man- 
to ifolds, fuel pumps, engine cooling water joints, cariDuretor spacers, exhaust sensors, cooling water sensors, oil tem- 
perature sensors, brake pad wear sensors, air fiow meters, AC thermostat bases, AC warm air flow control valves, 
brush holders for radiator motor, water pump impellers, turiaine vanes, wiper motor-related parts, distributors, starter 
switches, starter relays, transmission wire harnesses, window washer nozzles, AC panel switch boards, coils for fuel- 
related electromagnetic valves, fuse connectors, horn terminals. Insulators for electric parts and accessories, rotors 
IS for step motors, lamp sockets, lamp reflectors, lamp housings, brake pistons, solenoid bobbins, engine oil filters, and 
ignition unit cases; housings of personal computers, printers, displays, CRTs, facsimiles, copiers, word processors, 
notebook computers, and memories of DVD drives, PD drives or floppy disc drives; other molded articles; films; fila- 
ments; and fibers. 

[0034] The present invention will now be Illustrated In greater detail with reference to Examples, but it should be 
20 understood that the inventk>n is not construed as being limited thereto. Unless otherwise noted, all the parts and per- 
cepts are by weight. 

EXAMPLES 1 TO 13 AND COMPARATIVE EXAMPLES 1 TO 3 

25 [0035] A polypropylene resin (PP) composition was prepared by compounding 1 00 parts of molding grade polypro- 
pylene (available from Mitsui Chemteals, Inc.) with 0.1 part of calcium stearate (lubricant), 0.1 part of tetrakis[methyl 
3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate]methane (phenol antioxidant), and 0.1 part of tri8(2,4-di-t-butylphenyl) 
phosphite (phosphorus antioxidant). The PP composition was mixed with a flame retardant(s) and polytetrafluoroeth- 
ylene (PTFE) as an anti-dripping agent according to Tables 1 to 3 below (the formulations in Tables are given by percent 

30 by weight), and the mixture was extruded at 200 to 230''C and pedetized. The resulting compound was injection molded 
at 220**C to prepare 1 .6 mm thick specimens. The melamine pyrophosphate, the piperazine pyrophosphate and the 
meiamine piperazine pyrophosphate in Tables were prepared ata melamine/pyrophosphoric acid molar ratio of 2/1, a 
piperazine/pyrophosphoric acid molar ratio of 1/1 , and a melamine/piperazlne/pyrophosphoric acid molar ratio of 1/1/1 , 
respectively. 

35 [0036] The specimens were subjected to LIL-94V (vertical burn) test according to the following method. Further, the 
oxygen index was measured using the specimens. The results obtained are shown in Tables 1 to 3. 

U L Flammabillty 94V Test: 

40 [0037] The specimen of 12.7 mm In width, 127 mm in length, and 1 .6 mm in width was positioned vertically, and a 
test burner flame was applied to the lower end of the specimen for 10 seconds. After 10 seconds, the flame was 
removed, and the burning time (the time required to self-extinguish) was recorded. As soon as the flame extinguished, 
the flame was immediately applied for another 1 0 seconds. Again the buming time was recorded, ignition of the cotton 
layer by any drips of flaming particles was also observed. 

45 [0038] The burning time after each flame application and the ignition of the cotton layer were interpreted into a UL- 
94 flammabillty rating. The V-0 rating is the lowest flammabllity. The V-1 rating is less flame retardancy, and V-2 rating 
is still less flame retardancy. A specimen that was not interpreted into any of these ratings were rated "NR". 



TABLE 1 





Example No. 


1 


2 


3 


4 


5 


6 


PP composition 


76.0 


78.0 


76.0 


77.0 


78.0 


76.0 


Melamine pyrophosphate 


12.0 


10.0 


9.6 


9.2 


8.8 


10.0 


Piperazine pyrophosphate 


12.0 


12.0 


14,4 


13.8 


13.2 


10.0 


Ammonium polyphosphate 
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TABLE 1 (continued) 
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Example No. 


1 


2 


3 


4 


5 


6 


PTFE 


0.1 


0.1 


0.1 


0.1 


0.1 


0.1 


UL-94V (1.6 mm t) 


v-o 


V-O 


V-O 


V-O 


V-O 


V-O 


Oxygen index 


31.0 


29.5 


31.0 


31.0 


29.5 


31 .0 
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TABLE 2 





Example No. 


7 


8 


9 


1 0 


11 


12 


13 


pp 


78.0 


78.0 


76.0 


76.0 


72.0 


76.0 


80.0 


pyrophosphate 


n n 


7 0 


87. D 




If .vl 




D.U 


Meiamlne 
polyphosphate 








9.6 








Piperazine 
pyrophosphate 


14.0 


15.0 




14.4 


14.0 




12.0 


Piperazine 
(poly) 

phosphate'*) 






14.4 










Melamine 
piperazine 
pyrophosphate 












17.0 




Ammonium 
polyphosphate 












7.0 




PTFE 


0.1 


0.1 


0.1 


0.1 


0.05 


0.1 


0.1 


SiOg^) 














0.2 


UL-94V (1.6 
mm t) 


V-O 


V-O 


V-O 


V-O 


V-O 


V-O 


V-O 


Oxygen index 


30.5 


29.5 


30.5 


30.0 


32.5 


29.0 


31.0 



1 ) Pori-rinsan 107 from N^qxin Chemical Industrial Co.. Ltd., a reaction product lieiween phosphoric acids (pyraphosphoric add: 50%; orthophos- 
phoric add: 30%; triphosphoric add: 15%; other polyphosphoric adds: 5%) and p^razlne at a 1:1 mdar ratio (calculated based on the average 
molecular weight). 

2) Aerosll R972 from Nippon Aerosil Co., Ltd. 

" 45 



TABLE 3 





Comparative Example No. 


1 


2 


3 


PP composition 


100.0 


76.0 


76.0 


Melamine pyrophosphate 




12.0 


24.0 


Piperazine pyrophosphate 




12.0 




PTFE 






0.1 


UL-94V (1 .6 mm t) 


NR 


V-2 


NR 
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TABLE 3 


[continued) 




Comparative Exampie No. 




1 


2 


3 


Oxygen index 


1B.5 


31.0 


22.0 
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[0039] As is apparent from Tables 1 to 3, the compounds of Examples 1 through 13 comprising (A) a resin, (B) the 
specific phosphoric acid salt, and (C) PTFE were rated V-0 in the UL-94V test, whereas the compounds of Comparative 
Examples 1 to 3 failed to reach the V-0 level, i.e., did not exhbit sufficient flame retardancy. 



Claims 

1 , A flame-retardant resin composition comprising (A) a synthetic resin, (B)(b1 ) a compound represented by formula 
(I) or (b2) a combination of a compound represented by fonmuia (III) and a compound represented by formula (IV), 
and (C) an anti-dripping agent. 



20 



(D 



-Q 

HOf-P— O- 
I 

OH 



i-H 



30 



wherein n represents an integer of from 1 to 100; represents RiR2N(CH2)mNR3R4, piperazine or a piperazine 
ring-containing diamine; R^, R2> Ra, and R4, which may be the same or different, each represent a hydrogen atom 
or a straight-chain or branched alkyl group having 1 to 5 caibon atoms; m represents an integer of from 1 to 10; 

represents an ammonia or atriazlne derivative represented by fonnula (II); and p and q each represent a number 
satisfying relationships: 0<p^n+2, 0<q^n-i-2, and 0<p+q^-i-2. 



35 



40 



NH2 



N 



wherein and Z2, which may be the same or different, each represent an -NRgRg group (wherein R5 and Rg, 
which may be the same or different, each represent a hydrogen atom or a straight-chain or branched alkyl group 
having 1 to 6 carbon atoms or a methylol group), a hydroxy! group, a mercapto group, a straight-chain or branched 
allcyl group having 1 to 1 0 carbon atoms, a straight-chain or branched alkoxy group having 1 to 10 carbon atoms, 
a phenyl group or a vinyl group. 



so 



55 



HO— P 



0 

1 

OH 
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wherein Xj, p and n are as defined above. 
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(IV) 



0 

II 

HO-fP— (H-H 
I 

OH 



IS 2. 



20 



25 



30 



5. 



wherein Y^, q, and n are as defined above. 

The flame-retardant resin composition according to claim 1 , which comprises 5 to 70 parts by weight of connponent 
(B) and 0.05 to 5 parts by weight of component (C) per 100 parts by weight of component (A). 

The flame-retardant resin composition according to claim 1 , which comprises 1 0 to 50 parts by weight of component 
(B) and 0.05 to 5 parts by weight of component (C) per 1 00 parts by weight of component (A). 

The flame-retardant resin composition according to claim 1, which comprises 15 to 40 parts by weight of component 
(B) and 0.05 to 5 parts by weight of component (C) per 1 00 parts by weight of connponent (A). 

The flame-retardant resin composition according to any one of claims 1 to 4, wherein component (b-2) is a com- 
bination of said phosphoric acid salt of formula (III) and said phosphoric acid salt of formula (IV) In a weight ratio, 
([||)/(IV), of from 40/60 to 80/20. 

The flame-retardant resin composition according to any one of claims 1 to 4, wherein component (b-2) is a com- 
bination of said phosphoric acid salt of formula (III) and said phosphoric acid salt of fomiula (IV) in a weight ratio, 
(lll)/(IV), of from 50/50 to 70/30. 



The flame-retardant resin composition according to any one of claims 1 to 6, wherein component (A) is a potyolefin 
resln. 



3s 8. The flame-retardant resin composition according to claim 7, wherein said polyolefin resin Is a polypropylene resin 
or a polyethylene resin. 

9. The flame-retardant resin composition according to any one of claims 1 to 8, wherein component (b2) is a combi- 
nation of a piperazlne polyphosphate represented by formula (III) wherein p is 1 , and is piperazine and a mela- 

<o mine polyphosphate represented by formula (IV) wherein q is 2, and is melamine. 

10. The flame-retardant resin composition according to claim 9, wherein said piperazine polyphosphate is piperazine 
pyrophosphate. 

45 11. The flame-retardant resin composition according to claim 9 or 1 0, wherein said melamine polyphosphate is mela- 
mine pyrophosphate. 

12. The flame-retardant resin composition according to any one of claims 1 to 11 , wherein component (C) is poly- 
tetrafluoroethylene. 

13. The flame-retardant resin composition according to any one of claims 1 to 12, which further comprises silicon 
dioxide or a metal oxide. 



50 
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